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Analogs methylated in the l-position of a group of biologically interesting indoles were synthesized. Oue
method alkylated the sodioindole in liquid ammonia and u second employed ntethyl p-toluenesulfonate in reflux-

ing xylene.

These analogs were compared with the nonmethylated ones in their effect on animal behavior, blood

pressure, serotonili antagonism, and for one pair, serotonin release from human blood platelets. Ay of the
pairs had similar effects suggesting that the pyrrole nitrogen may be altered without essential change in biological
activity. Methylreserpine was almost identical with reserpine in its ability to release serotonin from human plate-
lets. The results also suggest that the 1-position of indoles can be used to attach groups which wodald modify the
transport characteristics of the parent or incorporate therapeutic moieties without appreciable changes in other

physiological properties.

An important exception obgerved where the methylated and nonmethylated indoles

differed was potassium l-methylindoxyl sulfate (1-methylindican) which produced psychotropice effects on condi-

tioned rats, whereas indican did not.

I-Methivlserotonin was twice as potent as serotonin in a similar study.

5-Methoxy-1-methyltryptamine was ten times as potent as serotonin in its ability to contract isolated rat aterds.
It appeared that exceptions where u methyluted analog was considerably different from the nonmethylated
indole seen in behavioral effects were dae to transport rather than chemical fanction.

Indoles such as serotonin have frequently been sug-
gested as being involved in cardiovascular and neural
function.®®  Since the initial characterization of sero-
tonin, 1t has become increasingly clear that its fuuc-
tion i cardiovascular mechanisms is highly complex.
It has been suggested that abnormal tryptamine
metabolism could give rise to endogenously formed
psychotropic agents which might cause some forms of
mental disease. H-Methoxytryptamine has been iso-
lated from the urine of patients with rheumatic fever.*
Indoxyl sulfate (urinary indican) ig normally excreted
in urine at the rate of about 50 mg.,/day along with 2--10
mg. of 3-hydroxyindole-3-acetic acid. A number of
investigators have described abnormal indoles as shown
by chromatograms from the urine of schizophrenic
patients.® Other indoles have been tentatively identi-
fied in normal human urine. Characterization has
often been inadequate if for no other reason than
authentic compounds were not available for compari-
son. Therefore, the study of synthesis of new indoles
can be valuable since it provides further authentic
compounds for identification.

Indoles methylated i1 the I-position are possible
metabolites since biochemical heterocyelie N-methyla-
tion has been observed for pyridine®” histamine,?
niacinanide,® quinoline, and isoquinoline. !

Pharmacologically, l-nicthylindoles are of interest
for several reasons. Adrenolutin and adrenochrome,
two compounds ouce reported as being psychoto-
mimetic!! and capable of formation in vivo from epine-
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plirinre,'? are methylated indolines. A series of alkyl-
piperidine comipounds described by Biel, ef al.,'* pro-
duce model psychoses resembling certain niental dis-
turbances more closely than TSD-25 or psilocybin.
It the configuration of the chain of the phenethylamine
moiety or catechol amines can be shaped i the form
of a five-membered ring and remain biologically active,
then 1-mrethylindoles combine some of the structural
features of N-methylated catechol amines (e.g., epiuce-
phrine) and tryptamines in the sanme molecule.

A close analog us well as a compound which cotild
jmintie the action of serotouin but, unlike serotonin,
eross the blood-brain barrier would be an invaluable
tool for elucidating its central role.'  lurther, study
of the pharmacological effects of l-methylindoles en-
ables evaluation of the importance of the pyrrole
nitrogen in pharmacological actions of indoles.

Analogs, methylated in the I-position of indole,
which were prepared hicluded those of S-methoxy-
tryplamine, serotonin, ielatonin, H-methoxytrypto-
phol, tryptophol, potassium indoxyl sulfate, skatole,
t - methioxy - 1-methyl-1,2.3 4-tetrahydro- 8- carboline.
norharman (8-carboline), vohimbine, and reserpine.

Two nain synthetic routes were used to prepare this
series of l-methylindoles.  Omne procedure was a low-
temperature direct alkylation of the N-sodioindole in
liquid ammionia with nethyl odide.”” A second pro-
cceded in refluxing xylene at clevated temperatures
ising methyl p-toluenesulfonate as alkylating agent
in the presence of anhydrous T.CO; as catalyst.' The
low-tenperature procedure was advantageous for the
reaction of licat-labile materialg such as indican (in-
doxyl sulfate). Several substances such as S-benzyl-
oxytryptamine, however, underwent extensive chain
N-alkylation and guaternization making the ammonia
procedure hnpractical for the preparation of the corre-
sponding tryptamine. T those it was advantageous to
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PyrroLE N-METHYLINDOLES AND RELATED COMPOUXNDS
Yield, Carbon, % Hydrogen., % Nitrogen, %
Compd. Method® % M.p., °C. Formula Caled. Found Caled. Found Caled. Found
5-Methoxy-1-methyl-
tryptamine hydro-
chloride A 92 181.5-183° C1sH:CIN:O 59.86 59.80 7.18 6.90 11.64 11.72

5-Methoxy-1-methyl-
tryptamine hydro-
chloride B
3-(2-Acetyl-2-methyl-
aminoethyl)-5-methoxy-
indole (N-methyl-

23 176-177°¢

melatonin) A 8 97-99
5-Methoxy-1-methyl-

tryptophol picrate A 80 128-129
1-Methyltryptophol

picrate A 67 92-95
Potasssium 1-methyl-

indoxy! sulfate A 40 119 dec.
1,3-Dimethylindole picrate A 90 141-143¢
6-Methoxy-1,9-dimethyl-

1,2,3 4-tetrahydro-3-

carboline hydrochloride A 73 224.5-226.5
Methylyohimbine A’
9-Methyl-g-carboline

(methylnorharman) A 52 288-290
Methylreserpine A/
5-(Benzyloxy)-1-methyl-

indole BY 40 131-131.5
5-(Benzoyloxy )-1-methyl-

gramine B 93 44-45"
5-(Benzyloxy)-1-methyl-

indole-3-acetonitrile B 61  86.5-87
5-(Benzyloxy)-1-methyl-

tryptamine hydro-

chloride B 83 213-214 dec.

5-Hydroxy-1-methyl-
tryptamine picrate (1-

methylserotonin) B 66
5-Methoxy-1-methyi-

indole B 80 100.5-101’
5-Methoxy-1-methyl-

gramine B 75 42-43*

CisHy CIN,O 68,23 68.05 6.68 6.70 8.84

11.37 11.38

-1
[V
[9])

CisHsN4Og 49.76 50.00 4.18 4.34 12.90 13.06
C 7 H16N4Os 50.50 50.75 4.00 4.12 13.86 14.12

CH:KNOS  40.74 40.49 3.04 3.36 5.28 5.36

CisHyoCIN,O  63.03 62.77 7.18 7.20 10.50 10.45

C1.H (CIN, 65.02 64.93 6.36 6.09 12.64 12.80

CisH sH.0 78.24 78.63 5.84 5.76 10.14 10.37

o
]
—

201-202 dec.” CiiHi7N;0s 48.69 48.73 4.09 4.22 16.70 16.45

¢ Method A was a methylation employing sodium in liquid NH; method B was the procedure using methy! p-toluenesulfonate.

b Lit.® m.p. 176-177°.
chim., 65, 897 (1945)] report m.p. 142.5-143.5°.
Phillamy, and H. A. Troxell, J. Am. Chem. Soc., 77, 469 (1955).
3792 (1954). ¢ Lit.!® m.p. 180-131°, * Lit.'* m.p. 48-50°.
[J. Chem. Soe., 1203 (1951)] report m.p. 103-104°,

prepare a methylated basic intermediate by the use of
nethyl p-toluenesulfonate in refluxing xylene and
synthesize the tryptamine derivative from it. The
preparation of l-methylserotonin was particularly
successful using this latter method and is described in
Chart 1.

H-Methoxytryptamine, 3-methoxytryptophol, trypto-
phol, skatole, 6-methoxy-1-methyl-1,2,3 4-tetrahydro-g-
carboline, norhariman, yohimmbine, and reserpine all
were readily l-methylated in liquid annmonia. When
5-methoxytryptamine was methylated in 1-g. quanti-
ties in this manner, the 1-methylindole was the primary
product. However, preparation on a larger scale
resulted i1 considerable amounts of chain N-alkylation
and quaternization.

Methylations in amimonia, where reaction failed to
talkke place or tar formation oceurred, were with 5-

¢ Mixture melting point with above, no depression.
¢ Prepared according to the method used by C. F. Huebner, R. Lucas, H. B. Mac-
/ Prepared according to the method used by C. F. Huebner, bid., 76,
i Lit.2 m.p. 197-198°.
k Lit.7 m.p. 43-45°.

4 P. E. Verkade, J. Lieste, and W. Meerburg [Rec. traz.

7 J. W. Cook, J. D. London, and P. McCloskey

methoxyindole-3-acetic acid, 3-benzyloxytryptophar,
and 5-benzyloxytryptamine. Some quaternary am-
monium iodide was isolated during the ammonia
methylation of 6-methoxy-1-methyl-1,2,3 4-tetrahydro-
B-carboline. Indole N-methylation in more complex
molecules such as reserpine and yohimbine was specific
and good yields of the properly methylated indoles
were isolated without quaternization. These methyla-
tions recommend themselves for structural studies of
indole alkaloids.

The only compound in which methylation did not
occur as expected was melatonin; the product isolated
being the chain N-methylated derivative ideutified
by its infrared spectrui.

The compounds prepared and their intermediates
are listed in Table I. Since use can be made of some of
these in characterization of mietabolites, their chro-
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CHROMATOGRAPHIC PROPERTIES 0F METHYLATED INDOLES

- == (gl reactions

Blrlielr®
Purple-blae
Ciray-bhie
Blue-green
(ireen-gray

Compd.
A-Methoxy-1-methyltryptamine
d-Methoxytryptamine
5-Methoxy-1-methyltryptophol
H-Methoxytryptophol

I-Methyltryptophol Bhie
Tryptophol Bhre
Potassium 1-methylindoxyl sulfate Blue
Potasstumt indoxyl sulfate Orange-vellow
1,3-Dimethylindole Blue

3-Met hylindole (skatole) Bhte

1-Met hylserotonin Pnrple-biue

Serotonin Parple

Vol. 8
. ‘ =/t5 vadles o solveros”

Nantliytlrol” A B &

Blae (.82 1 74 RAOY
Blae 1.6 (1t RAO
Blae-gray 0,88 (8N 084
Purple-gray 1.8 085 0.67
Parple 08T 0 al (1,84
Purple 185 (1 84 {1634
Purple-green 065 056 RAQ
Purple-brown 051 0. 4% RAQ
Criv=blae 1,90 .04 0.
tiray-blae 04t 0,04 (.0t
0.7l (.60 RAO

0,63 040 RAO

» Dhnethylaminobenzaldehyde in acetone and HCL ¢ 9-Nanthenol in ethanol and HCL  » A, I-Propanol-NH,;OH (8:2) on paper;

B, I-butanol-glacinl acetic acid—water (4:1:7) orc puper;
nright.

matographic properties comparing the methylated
analog with the parent compound are reported in Table
I1.

Methylation increased R for alimost every com-
pound over the nommuethylated analog. Previously,
it has been reported that indoles substituted on the 1-
nitrogen do not give a typical Ehrlich reaction or clse
give a negative response. This has uot been cou-
firined with the series described here since all gave
positive Ilirlich reactious with colors ranging through
the blues, grays, purples, aud blue-greeus,

The structures of all compounds prepared were con-
firmed by tifrared spectroscopy. On methylation the
characteristic stretching pealk for N-H in the region
of 3.0 u was lost. Several cxamples of spectra arc
shown 1 igure 1, where methylated indoles are com-
pared with the parent cowpounds. The exception,
melatonity, is included showing that pyrrole N-methyla-
tion did not occur.

Pharmacological Activity

The materials were examined primarily for three
types of activity: effects on behavior, which were
judged to be a result of grosg effects on the central
nervous systenr; gross effects on the cardiovascular
systeur; and serotonin antagonismi on the isolated rat
uterus (Table III). The effects on behavior consisted
of studying conditioned rats on a variable-interval
positive-reinforcemient schedule. This schedule pre-
sented the opportunity to the animal for reward by bar
pressing (food pellets) at intervals of various arbitrary
lengths of time. Since it could not learn the pattern
of sequences of presented opportunities, it could obtain
a maxinmm nwnber of rewards for the hour in the
chamber by continuing to press the bar at a steady
mediunt rate.  Thus, drugs either depressed the animal
and lowered 1ts optimuin work rate or stiinulated it to
work faster than the rate found characteristic for that
aninal.

Cardiovascular effects were studied by recording
blood pressure of intact dogs anesthetized with pento-
barbital during intravenous injection of the coni-
potinds.  Serotonin antagouisin was observed on 1sgo-
tated rat uterus musele strips. Compounds  were
divided into those which were oxytocic (contracted the
nitisele), serotonin antagonists, or those without effect.

C, CHCL-methanol (9:1) on «iliea thin layer.
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I an additional study the serotonin-releasing etfects
on platelets of methylreserpine was contpared to that of
reserpine (Figure 2).

Effect on Behavior (Table III).--In general, the
methylated compounds were qualitatively and quan-
titatively sinilar to the nonmmethyvlated analogs with
three exceptiouns: Il-methylindican caused marked
depression of work rates of conditioned animals at 6
mg./kg., whereas indican had no effect at 18 mg./ke.
1-Methylserotonin was about twice as potent as sero-
tonin creatinine sulfate. It required 3.3 mg./kg. of 1-
methylserotonin to reduce the work rates to less than
259, of their coutrol values. In order for serotonin to
achieve the same effects 6.6 mg. were required. The
l-methylserotonin was used as the picrate (mol. wt.
419) and the latter as the creatinine sulfate (mol. wt.
105) so the differences in potency were not artifacts
due to molecular weights of the salts. Another varia-
tion was between d-methoxy-1-methyltryptophol and
S-methoxytryptophol.  The foruer caused nioderate
depression of work rates while the latter caused moder-
ate stimulation. These results are difficult to inter-



July 1965

1-METHYLINDOLES

463

g38s8 8

L e CH,OO:JGH,GH,:EGH:,

o5 888

100 - [t

70

N
&0 3 VAs

BT 3 TV O v et v M CHa

b3
- B
1
i
A

cu,oQ—)cn,cH,ﬁ— CHa
N

a0- T

41551 1300

AR TER

PER CENT TRANSMISSION

$ MERE
-“ -
i
=

48 Il — cHsomCHQCHQNHQ-HG
S o ) 0 N

H

L

,n-..A..___..4 -

)
N

s0
[ L]

40

T CHaOO\—ICHzGHa"Ha'HG
Y

- S,

3 4 ] L] 7 ] ? 10

WAVELENGTH IN MICRONS

n 12 13 7} 18 1.

Figure 1.—A comparison of infrared spectra of two 1-methylated indoles with the nonmethylated analogs. The compounds, top to

bottom, are:

3-(2-acetylaminoethyl)-5-methoxyindole (melatonin), 3-(N-acetyl-N-methyl-2-aminoethyl)-5-methoxyindole, 3-(2-

aminoethyl)-5-methoxyindole hydrochloride (5-methoxytryptamine hydrochloride), and 3-(2-aminoethyl)-5-methoxy-1-methylindole

hydrochloride.

pret; however, 5-methoxytryptophol has been demon-
strated to possess hormone-like properties in influencing
the estrus cycle of rats.”” In this manner, 5-methoxy-
tryptophol could produce increases in the animal’s
work rates as a general endocrinological effect. How-
ever, such interpretations must be regarded only as
suggestions of a mechanism until further evidence is
obtained.

Effects on Blood Pressure.—A selected number of
the methylindoles were paired with the nonmethylated
analogs and examined for their effect on the dog’s
blood pressure (Table I1T). 1In general, the methylated
indoles and the nonmethylated analogs were similar
in action in that some were pressor, some depressor,
and some were both. There were two major exceptions
to the rule of similarity of action. Although yohimbine

(17) W. M. Melsaae, R. G. Taborsky, and G. Farrell, Science, 145, 63
(1964).

All spectra were determined with the use of KBr pellets.
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B METHYL RESERPINE 1pg./ml.

Figure 2.—Comparison of serotonin release from platelets
between reserpine and methylreserpine.
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PRELIMINARY PHARMACOLOGICAL CHARACTERISTICS 0F SOME METHYLINDOLES

Liffect on belavior™

Duse
Compd. Respunse

3-Methoxy-1-methyltryptamine N I
S5-Methoxytryptamine N B
S-Methoxy-1-methyltryptophol

picrate M— I
-Methoxytryptophol picrate M+ 3.3
Potasstunt 1-methylindoxy!

sulfate == .6
Potassimin indoxyl] sulfate 0 15.2
1,9-Dimethyl-6-metlioxy-1,2,3,4-

tetraliydro-g-carboline AYES 8.6
t-Methoxy-1-methyl-1,2,3,4-

tetrahvdro-g-carboline M- N6
Methylyohimbine AV 6.t
Yohitubine AN — 6.6
Methylreserpine N 3.3
Reserpine N—- 5.5
{-Methylserotonin N .3
Serotraiin N — 5.9
O-Methylnorharnan N — i 6
Norharman M- 6.6
1.3-Dimethylindole 0 13.2
Skatole (3-methylindole) 0 13.2

Lffeet i dogs™ blood pressice

Dose, Lffect tm smeotli yimxele”
Respunmse myr. cwinoal Respiense Soly., 1
M 1 Oxv. DR
Sk I tixy. Lo
a 2 A >10-s
W 2 A >1as
Wt 2 A > 1070
n 2 A >0
M+ 2 A >10
Q 2 A >10
{ 4 A >10h
0 2 A >0
N4 | s
~+ 1 s
[ ] . >1a-e
a I A >
0 2 0 >1a-i
0 1 3] >111"' I

© M, moderate effect where work rates have been changed 259 from control values; S, strong effect with changes greater than 75¢,

from controls; 4, stimulation above controls: —, decrease of work rates.

» W, weak representing changes less than 1t mnr. in bload

pressure; M, mediumn representing changes of 10-20 mm. pressure; S, strong responses of over 20 mm.: —, lowering of pressure: +,
elevation of pressure; =, amphibaric response, where pressor responses niay oceur in ane experiment and depressor response in anather:

dogs were 19-21 kg.
as o 10~% M solution of serotonin.
tions of 114 M,

In all data, O represents no activity.

was without effect on blood pressure, methylyohinibine
cauged moderate pressor response when 1 mg. was
injected intravenously into 19-21-kg. dogs. The great-
est difference seen in a pair of compounds was between
S-methoxy-1-methyltryptamine and 5-methoxytrypt-
atnine.  The actions of the latter were amphibarie, at
times producing marked depressor responses, whereas
the methylated analog produced moderate pressor
respouses.  Although an examination of the action of
Sd-methoxytryptamine was incidental to this study, 1t
seems worthy of a thorough re-examination in light of
pronounced depressor effects often observed and since
it has been isolated from the urine of patients suffering
from rheumatic fever.*

Effects on Smooth Muscle.—Oxytocic activity was
quantitatively compared among the compounds (Table
[1I). Qualitative comparisons of serotonin antago-
uisin was also made.  5-Methoxy-1-methyltryptamine
has approximately ten times as much oxytocic activity
as scerotonin.  All compounds which were serotonin
antagomsts prior to l-methylation remained so after
the substitution.

Reserpine Release.—Comparison of thie serotonin-
releasing effeet from platelets between reserpine and
methylreserpine front blood of hospital paticnts indi-
cated no qualitative or quantitative differences hetween
the two compownds as can be seen in IFigure 2.

General Comments.-—In general l-methylation of
indoles did not produce profound changes in pharma-
cological activity of the parent compound suggesting
that the T-ultrogen is not fuuectionally involved in
indole receptors or enzyme sites.

The one qualitative difference seen was between
indican and l-methylindican in effects on animal be-

¢ Serotonin antagonism; Oxy. means oxytocic.
A indicates antagonism of 107 37 solutions of serotonin by the test componnd starting at roncentru-

The concentration is that which produces the same contraction

havior. That can be explained onr the basis of inerrased
lipid solubility and consequently increased penetration
by the latter into the central nervous system. The
higher potency of I-methylserotonin compared to
serotonin can also bhe attributed to transport reactions
rather than changes it chemical function. These ob-
servations suggest that the l-nitrogen position cai be
used for ncorporation of other groups than the methyl
radical to modify the transport characteristics of useful
indoles.  Therapeutic moieties {e.g., nitrogen mustards,
ete.) should also be able to substitute into the l-uitro-
genn of various indole molecules, without appreciable
modification of gome of the physiological properties of
the parent substanenr.

Many investigators have observed an iudolic me-
tabolite i urine of schizophrenics appearing on paper
chromatograus in several systerns slightly i front of
urea and indican, and giving a blue reaction to Ehirlich’s
reagett.  This compound has been provisionally iden-
tified as the sulfate esier of 6-hydroxyskatole. '™

[-Methylindican prepared in these studies has chro-
matograpliic properties compatible with the above
description.  Sinee, tinlike indicau, it also has psycho-
{ropic effects in rats, it should be kept in mind in futtire

studies  concerning  potential  endogenously  formed
psychotropic agents.
Experimental

1-Methylation of Indoles.—Two different methods were
employed for the preparation of compounds in this series.  The
first wi methylation with methyl todide in liguid snnnonis.
Twie examples of this methylation are givenr below with 5-

{(1%) Ref. 5, p. 403,
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methoxytryptamine and potassium l-methylindoxyl sulfate.
1-Methylserotonin was prepared first by methylating 5-benzyl-
oxyindole with methyl p-toluenesulfonate and then converting
the methylated intermediate to the desired compound. That
synthesis is described in detail below.

5-Methoxy-1-methyltryptamine Hydrochloride.—5-Methoxy-
tryptamine (1 g., 5.1 mmoles) was pulverized and partially dis-
solved in 18.0 ml. of liquid NHj, kept cold in a round-bottom
flask immersed in Dry Ice—ethanol. The system was protected
from atmospheric moisture. Sodium (0.15 g, 6.5 mg.-atoms),
cut into small pieces was added, and the mixture was shaken for
about 30 min. until all of the solids were in solution and the
typical blue color disappeared. Methy! lodide (0.92 g., 6.5
mmoles) was added with shaking. A heavy white precipitate
formed within 5 min. and the mixture was allowed to stand with
occasional shaking for about 1 hr. more at Dry Ice temperatures.
Most of the ammonia was removed by evaporation at room
temperature; final traces were removed under vacuum in a
desiccator.

The product was extracted from the Nal with CHCl; and
filtered. The chloroform solution (about 100 ml.) was mixed
with 200 ml. of ether and filtered, and about 1.0 ml. of 159,
methanolic HCl was added to prepare 600 mg. of light tan 5-
methoxy-1-methyltryptamine hydrochloride, m.p. 174.5-176.5°.
More ether and HCI produced a second crop of 542 mg., melting
at 166-170° to give a total yield of 939, of crude product. A
portion was crystallized from 3:1 ethyl acetate-ethanol to
give an analytical sample, m.p. 182-183°. The structure was
confirmed by infrared spectroscopy which showed loss of the
band characteristic for the indole pyrrole N-H group.

Potassium 1-Methylindoxyl Sulfate (1-Methylindican).—
Commercial potassium indoxy! sulfate, which is usually red by
indigoid impurities was used without further purification.
Potassium indoxy! sulfate (1 g., 4 mmoles) was added to 20 ml. of
liguid NH; in the manner described above. Pieces of sodium
(120 mg., 5.2 mg.-atoms) were added; considerable agitation and
stirring was required to dissolve all of the solids, Since the
solution was highly colored, a glass rod was used to ensure that
all of the solids were dissolved. Methyl iodide (0.73 g., 0.32
ml., 5.2 mmoles) was added, and the rest of the reaction was
carried out as described above. However, since the product was
a salt, the usual method of isolation was modified. The resi-
due was suspended in a very small quantity of cold water which
dissolved most of the Nal but left much of the product in suspen-
sion. It was filtered and washed with cold ethanol and ether to
give 250 mg. of potassium l-methylindoxy! sulfate, m.p. 122°
dec., a light-colored material with a greeh tint. A second crop
of 160 mg., m.p. 119° dec., was obtained by cooling the filtrate
to give a total vield of 419,. When the material was allowed
to stand or when attempts were made at crystallization in some
solvents, the color deepened to a darker green and the melting
point was greatly reduced (to below 100°). Ethanol was the
best solvent of crystallization found which lightened the color but
had little effect on improving the melting point. Most of the
prodacts were white with a light green tint immediately on
preparation and sharply turned deep green at their decomposition
points.

5-Benzyloxy-1-methylindole. A.—A mixture of 35-benzyl-
oxyindole (10.0 g., 4.48 X 1072 mole), anhydrous K.COj; (4.6 g.,
4.7 X 1072 mole), methyl-p-toluenesulfonate (8.4 g., 4.5 X 1072
mole), and xylene (40 ml.) was heated under reflux with vigorous
stirring for 48 hr. After ceoling, the reaction mixture was
filtered, and the residue was leached thoroughly with hot xylene.
The combined xylene solutions were reduced in volume by
evaporation to ca. 25 ml. On cooling, yellowish crystals of the
product separated out. The product was crystallized from a
mixture of acetone and water to give 4.25 g. (409, yield) of
material, m.p. 129.5-130.5° (lit.!* m.p. 130-131°), A second
crystallization raised the melting point to 131-131.5°.

B. 5-Benzyloxyindole (1.0 g., 4.5 mmoles) and sodium (150
mg., 6.5 mg.-atoms) were dissolved in anhydrous liquid NH;
(30 ml.) with shaking. Methyl iodide (930 mg., 6.5 mmoles)
was added in two equal portions over a period of 5 min., and the
reaction mixture was allowed to stand overnight in the cold.
The solvent was allowed to evaporate at room temperature with
stirring, and the last traces were removed in vacuo. The dark
solid residue was taken up in water, the product was extracted

(19) R. V. Heinzelman, W. C. Anthony, D. A. Lyttle, and J. Szmuskowicz,
J. Org, Chem., 25, 1548 (1960),
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with CHCl;, and the extracts were evaporated to dryness under
reduced pressure. The crude product was crystallized from
acetone—water to give 180 mg. (179,) of 5-benzyloxy-1-methyl-
indole, m.p. 127-128.5°. Its identity was confirmed by the fact
that it did not depress the melting point of the product from A.
5-Benzyloxy-1-methylgramine.—Aqueous dimethylamine
(259%, 3.5 ml.) was added over a period of 5 min. to a mixture of
37% aqueous formaldehyde (1.3 ml.), dioxane (16 ml.), and acetic
acid (16 ml,), cooled to 10°. A solution of 5-benzvloxy-1-
methylindole (3.50 g., 1.48 X 1072 mole) in 25 ml. of dioxane was
added over 30 min. at 10°. The reaction mixture was stirred
in the cold for 2 hr. more, allowed to stand overnight at room
temperature, diluted, and filtered through Celite. An ice-cold
109, aqueous KOH solution (170 ml.) was added to the filtrate,
and the mixture was cooled in an ice bath. The resulting crystals
were filtered, washed thoroaghly with water, and dried in the air
to give 4.05 g, (1.38 X 1072 mole, 93%) of product, m.p. 44-45°
(lit.'® m.p. 48-50°).
5-Benzyloxy-1-methylgramine Methosulfate.—A solution of
5-benzyloxy-1-methylgramine (3.8 g., 1.3 X 1072 mole) in abso-
lute tetrahydrofuran (THF) (30 ml.) and glacial acetic acid (0.35
ml.) was added dropwise over 30 min. to a stirred mixture of
dimethy! sulfate (8.2 g., 6.5 X 1072 mole), absolate THF (1t)
ml.), and glacial acetic acid (0.35 ml.) cooled to 10°. A crystal-
line precipitate began to settle out in a few minutes. When addi-
tion was complete, the reaction mixture was allowed to stand
in the dark at room temperature for 2 hr. The product was col-
lected, washed thoroughly with anhydrous ether, and dried in
vacuo to give 4.5 g. (849, vield) of the quaternary methosulfate,
m.p. 136-137.5°. This compound was not fiirther purified btit
used directly in the next step.
5-Benzyloxy-1-methylindole-3-acetonitrile.—A solution of 5-
benzyloxy-1-methylgramine methosulfate (3.5 g., 8.3 mmoles)
and NaCN (1.1 g., 22 mmoles) in water (30 ml.) was heated at 80°
with vigorous stirring for 3 hr. During this time the reaction
mixture became turbid and a yellowish oil separated out, which
solidified on cooling. The product was filtered, washed with
water, and dried in air to give a yield of 1.4 g. (619%), m.p. 82-84°.
The filtrate from the above reaction was heated with stirring
at 80° overnight (ca. 16 hr.) and worked up as before to give 0.5
g. more of the product, m.p. 77-82°. Two crystallizations from a
mixture of acetone and water yielded an analytical sample,
colorless plates, m.p. 86.5-87°.
5-Benzyloxy-1-methyltryptamine.—A suspension of 5-benzyl-
oxy-l-methylindole-3-acetonitrile (1.3 g., 4.7 mmoles) in anhy-
drous ether (160 ml.) was added dropwise to a vigorously stirred
suspension of LiAlH, (0.54 g., 11 mmoles) in anhydrous ather
(40 ml.). The reaction mixture was then heated for 16 hr. under
gentle reflux. The excess LiAlH. was carefully decomposed
with a few milliliters of water, and a 109, aqueous NaOH solu-
tion (55 ml.) was added to the reaction flask. The ether layer
was decanted off, the aqueous layer was filtered, and the filtrate
was extracted with ethyl acetate. The combined ether and
ethyl acetate solutions were evaporated to dryness under re-
duced pressure, then dried further in vacuo to give 1.1 g. (839)
of crude product in the form of a brownish oil. It was dissolved
in 30 ml. of toluene, and anhydrous HCl bubbled through the
solution. The precipitate that formed was collected, washed
with acetone, and dried in the air to give 0.73 g. of yellowish crys-
tals of 5-benzyloxy-l-methyltryptamine hydrochloride (559,
yield), m.p. 208-211° dec.
Two crystallizations from a mixture of 4:1 toluene and ethanol
gave an analytical sample, colorless crystals, m.p. 213-214° dec.
5-Hydroxy-1-methyltryptamine (1-Methylserotonin).—5-
Benzyloxy-1-methyltryptamine hydrochloride (113 mg., 0.357
mmole) was taken up in a 109 aqueous NaOH solution. The
free base was extracted with ethyl acetate, and the extract was
evaporated to dryness under reduced pressure, then dried further
in vacuo, A mixture of the free base (99 mg., 0.354 mmole),
109, palladium-charcoal catalyst (25 mg.), and methanol (25
ml.) was hydrogenated in a Parr apparatus at 2.8 kg./cm.?
pressure for 16 hr. The reaction mixture was filtered, and the
filtrate was reduced in volume at reduced pressure to ca. 2 ml.
The latter solution was added to a boiling solution of picric acid
(70 mg.) in methanol (3 ml.). After cooling, the orange precipi-
tate was filtered and dried in air to give 98 mg. (669, yield) of 5-
hydroxy-1-methyltryptamine picrate, m.p. 194.5-195.5° dec.
(lit.2 m.p. 197-198° dec.). Two crystallizations from water

(20) E. Shaw, J. Am. Chem. Soc., TT, 4319 (1955).
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Behavior Studies.--The eftect of compoands an hehavior was
deternmved in the following manner.  Rats were conditioned on
a variable interval (V.I.) positive remforcement schedule, 7.c.,
bar pressing in a Skinner box at : steady mediinn rate which was
rewarded automatically with tood pellets.  Faster or slower
rates therefore represented less reward for effort and would
mchicate that behsvior was not optimal.  Antmals were deprived
of foad and spent 50 min. each day in the test chamber. The
nman rate of response during the tegt period was determined on
5 consecntive days for each mmdividual antial.  n the experi-
mental day, the compoand was administered intraperitoredty,
and the incereased (+ ) or decreaged ( — response vides were ¢inn-
pited as a percentage of the nornl.

Blood Pressure.- Compoauds were imjected  introvenoasty
mto anesthetized, whole wmale dogs 1921 kg «t 10-min.
mtervals,  Ten mimites after each injection of compound,
ao l-mg. dose of serotonm creatinine salfate was given 1«
determine whether the animals’ response remuined constant
within 109 of an initial control injection given. Tiach com-
pound was examined at least three times, either mn the same nr
different animals.  Long-terin effects which changed the response
of the aninmutl to serotonin as anticipated were seen only with
reserpine and methylreserpine.  FEffects »f such  eimpounds
were either examined on separate dogs or at the end of the test
series.  Blood pressare changes were measured by meaus of
arterial canunly attached to a meronry mavometer which operutes
a lever attached to «w pen an « kvimograph.  Responses were
recorded and bload pressnre changes were measnred in the asnal
manner,

Effect on Smooth Muscle.— listrus rai uterus suspended in a
Tyrode-Ringer solation muscle bath was used. The muscle
was standardized to give cousistent contractions (o the rein-
trodaction of a 10 W salution of serotnnin creatinine snlfate.
The potency nf oxyvtocte activity was expressed az the molarity
of & compoand giving the same contraction as « 105 Y solation
nf serotonit ereatinine salfate.

Vol 8

Abtigontsin (o serotomin. was measiaed by ntrodneing the
cest componnd oo the posele buth o Cenneentrations starting m
10+ 0 This sabition s allowed to cquilibrate with the tonsele
for 2 unn. at which time serotonire ig added directly to 1he sane
hith so thid 1t sehieves scconcentration of T8 30 Conponeds
redueivg the pormal nogele contraction of serotonin by at lenst
500 ardler these ronditions were elagsified as antagonists,

Serotonin Release from Platelets. - Whole hload was colleeted
by s stlteonized syvinge ©“Moaomoeate™ trerdted needle) rard 1eons-
ferred 1o siliconized centrituge tnbes oontaining BDTA-sabue
Lo wy v Al sminples were colleeted {rom “ipparently nonr-
mal™ sabjects, either kdoratory and mediead staft or subjerts tor
pre-englovinert physteds at the Clevelind Chuiee The whole
blood sarples were canrtbnged o1 700 vpone for 20 nun. G pre-
pare plateletreel plasion samples. Phaelet connes were nuade
the pheelet-rich pkesnw by btk dibrdon procednre. Vobupes
of 2 mb of phdelet-tich plisma were inenbated @t 377 {ar 2 hr.
tstheonized eomieid flasks), the compoand nnder tesc being added
i suhine sobiton (o o tinal oncentidbac of T 5 /mwb of weibo-
tnp mixtare.  Coptrols (withont ineabatioig were get np v eneb
experiment.  Affer inenbatbm, the platelet-rich plasma samples
were trangferred (o ceuntrifnge tabes with tee-entd sahine and
rentrifiged Hie 200w« 2500-3000 ropan. Spernatants were
ponred nff, the bes were dratued, and the platelet pellets were re-
wispended i sudine, Water was added th mptare the pldelets
sandd the proteiis were precipttated with sar egnad vobe of 201,
richloroacetic wetd. Serotonin was assaved spectrophotntbmn -
metrieatly® v the weld extraet,  Choveentrations of sermtobin were
expressed vs nimograms/ 1979 platelets by reference t the phkae-
tet-rich plasmic phicelet ccomnt frm wlich the platelet peltet wis
derived.
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Stereochemistry of d-3,4-Dimethyl-2-phenylmorpholine (Phendimetrazine)'
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Acid-catalyzed cyelization of l-erythro-N-(3-hydroxvethyvliephedrine to d-threo-3,4-dimethyl-2-phenytmor-

pholine (I) proceeds with inversion of the benzylic carbon atom.
of nonbonded destabilizing interaction present in the corresponding erythro morpholine (11).

Inversiun appears to be caased by the relief
Aceordingly, acid

treatment of the erythro morpholine (II) cawsed partial imversion to the threo diastereoisomer (1) and wax re-
flected in change of optical rotation and decreased inhibitory effect on liver monownine oxidase.

A number of central-stinulating appetite-depressing
drugs® have a conuuon phenethylamine backbone, e.g..
amiphetamiite, ecphedrine, a-diethylaminopropiophe-
none, ete. Compounds in which thix “backbone’ is
part of a ring system appeal to retain central-stini-
lating aud appetite-depressing properties, e.g., dl-3-
methyl-2-phenylmorpholine (phenmetrazine)® and its
«-N-ucthyl analog (phendimetrazine),

(1) Presented at the 20th Clongress of the Association Canadienne Fran-
¢aise pour I'Avancement des Sciences, Oct. 28, 1961, Ottawa, Ontario.

(21 W, Modell, J. Am. Med. Assoc., 173, 1131 (1960).

(3) O. Thoma and H. Wick, Arch. Exptl. I'athol. Fharmakol., 222, 540
[QULEIN

(41 Pliendimetrazine, Plegine™.

(31 (w) M. G. Stegen, T. Zsoter, 1. Tom, ani C. Chappel, Toxicol.
Appl. Pharmacol., 2, 289 (1960); (In R. F. 3. Young. Current Therap. Res..
3, 350 (1961): (¢) C. Ressler and R. Schneider, Clin. Pharmacol. Therap..
2, 727 (1961); «d) K. Opitz and A. Loesser, Ger. Med. Monthly, 6, 34y
(19613: (er l.. Kersten and W. Klinger, Arrh, intern. Pharmacodyn., 138,
200 (1862).

d-3,4-Dimethyl-2-phenyvlinorpholine  (phendinmetra-
zie) was first prepared by thr acid-catalyzed cycliza-
tion of N-(8-hydroxyethyl)-l-ephedrine.® We  have
investigated this reaction, established a threo configura-
tion for the cyclization product,! and have thus sub-
stantiated Foltz and Witkop's interpretation® of Otto’s
findings.®”  In the meantime, similar conclusions were
reached by Clarke® (in the N-desmethyl series) and
by Drefall, et al..? respectively (see Scheme 1).

In accordance with Otto,%® acid-catalyzed cyclization
of N-(B-hydroxyethyl)-l-ephedrine gave d-3,4-dimethyl-
2-phenylmorpholine. The identical dextrorotatory
morpholine was obtained wheu the same procedure was

6 Ta) H. Sieiner, A. Doppstadt, and M. Pickel, German Patent 1,135,461
F1962): Chem. Abstr., B8, H32F (1983); (b) W. G. Otto. Angeie. Chem..
68, 181 (1936).

iT1 C. AL Foltz and B, Witkop, J. 4m. Chem. Soc., 79, 201 (1O57T.

(8) I'. H. Clarke, J. $¥rg. Chem., 2T, 3251 (1962).
() G. Drefald. M. Hartmann, and A. Skurk, Chem. Bee., 96, 1011 71003



